Two Hampshire-Duroc cross piglets maintained on 100% total parenteral nutrition (TPN) for 3 weeks developed pancreatic epithelial cell necrosis, diffuse acinar atrophy, and marked interstitial fibrosis. In addition, the piglets had severe villus atrophy in the small intestine as a result of TPN. Atomic absorption spectrophotometric analysis of liver samples revealed toxic hepatic zinc levels ( 5 13.5 and 49 1.2 ppm) in the TPN piglets (40-90 ppm in control piglets). Administering TPN bypasses homeostatic control mechanisms regulating zinc absorption at the gastrointestinal level and may reduce pancreatic secretion contributing to the accumulation of zinc in tissues. Intestinal villus atrophy, a sequela to TPN, may have also affected zinc excretion by impairing intestinal flux and desquamation. These factors should be considered in formulating TPN solutions and zinc levels administered must be reduced accordingly to avoid toxicity. Furthermore, sources and tissue levels of zinc should be investigated when necrosis, acinar atrophy, and fibrosis of the pancreas are encountered in young pigs.
Zinc toxicity causes striking pancreatic lesions in a number of animal species.L,4,6,13J4 Zinc toxicity has occurred following ingestion of zinc from various galvanized metal surfaces" and recently minted pennies13 and as a result of formulation errors in feed or milk replacers. 4 However, pancreatic lesions have not previously been linked with zinc toxicity in adult or neonatal pig~.~.ll We present here a description of pancreatic lesions and other findings that were associated with toxic tissue levels of zinc in a pair Hampshire-Duroc cross piglets used in total parenteral nutrition (TPN) research in the Department of Pediatric Surgery at the Johns Hopkins School of Medicine.
For the TPN research protocol, all piglets suckled sow colostrum/milk until delivered to the laboratory at 4 days of age, and they received an iron dextran injection (100 mg intramuscularly) at 3 and 10 days of age. At the laboratory, piglets were fed equal amounts of sow milk replacer until nutritional treatments began at 7 days of age and had ad libitum access to drinking water at all times throughout the trial. Littermates were administered 137 nonprotein kcal/g BW (body weight)/day of their respective nutritional treatments based upon daily BW and were maintained on these diets as the sole source of nutrition for 4 weeks. The TPN solution was formulated ( Table 1) to have a nutrient profile similar to the recommended dietary concentrations for piglets under 5 kg BW.9 On average, 440 ml of TPN solution per day was administered intravenously to a 3.33-kg piglet through external jugular catheters. Animals were maintained in accordance with the Animal Care and Use Committee guidelines at the Johns Hopkins Medical Institutions and those prepared by the Committee on Care and Use of Laboratory Animals from the Institute of Laboratory Animal Resources.
Four litters of Hampshire x Duroc piglets were selected based upon BW (1.8-2.7 kg) at 4 days of age and used in a 4-week nutritional study. Four littermates were randomly assigned to one of four nutritional treatments: 1) 100% enterally fed sow milk replacer (SMR), 2) 100% TPN, 3) TPN with 1.7% (wt/vol) glutamine, or 4) 90% of total calories as TPN plus 10% enterally as SMR. The initial BWs of piglets were not statistically different across assigned treatment groups (2.37 t-0.5 kg). Piglets in all four treatment groups had similar rates of weight gain (68.8 g/day) with no difference between males and females during the 28-day feeding trial, and final weights were not statistically different between treatment groups. (4.03 * 1.4 kg). Treatment groups 3 and 4 were altered depending on the objectives of the nutritional study, and groups 1 and 2 were used as control groups. Because of limitations in managing catheters, pumps, and solutions, one pigletkreatment group (four total) completed the 28-day TPN feeding trial at a time.
Piglet No. 1 was lethargic and febrile after being maintained for 12 days on 100% total parenteral nutrition solution. A blood sample taken the following day revealed a moderate hypoproteinemia (3.8 g/dl), hypoalbuminemia (2.8 g/dl), and a microcytic hypochromic anemia (hematocrit = 29.2; mean corpuscular volume = 62; mean corpuscular hemoglobin = 19). Treatment with 4 mg/kg of tylosin was initiated and continued twice daily for 11 days. Because of swelling around the catheter site, catheter blockage, suspected bacterial sepsis, and poor response to antibiotic treatment, the piglet was euthanatized after a total of 24 days of TPN.
At necropsy, alopecia was noted dorsally extending from the shoulders to the hind quarters. A subcutaneous abscess was found around the catheter tract exit site on the neck dorsum. Severe ventral edema was most pronounced in the axilla. The pancreas was tan, moderately firm, and nodular throughout its parenchyma and was approximately 1 x 2 x 7 cm in size. A bacterial culture was made from heart blood and the subcutaneous abscess. A section of liver was frozen at -70 C for future analysis.
Microscopically, there was diffuse, moderate pancreatic epithelial cell necrosis, marked acinar atrophy, and minimal to moderate interstitial fibrosis. Acini were disorganized, often dilated, and occasionally filled with necrotic cell debris and degenerating neutrophils. The acini were lined by attenuated, low cuboidal epithelium, with occasional interspersed plump cuboidal cells suggestive of regenerative epithelium. There was a marked loss of zymogen granules in epithelial cells. Occasional epithelial cells contained 4-5-pm cytoplasmic vacuoles filled with an eosinophilic homogeneous substance. Acini were often widely separated by loosely arranged intralobular and interlobular fibrous bands of collagen and fibroblasts. Pancreatic islets were difficult to appreciate unless special stains were utilized. Grimelius stain of the pancreas confirmed that islets were present within expanded interlobular areas and were partially obscured in hematoxylin and eosin (HE)-stained sections by fibroblasts, inflammatory infiltrates, and collagen. In some areas, the islets appeared normal and had a normal spacing between them. In other areas, the islets were grouped more closely than usual, with some variation in islet size and shape, apparently a reflection of tissue remodelling in response to acinar necrosis. The endocrine cells of the islets appeared normal. Intralobular and interlobular fibrous tissue was moderately infiltrated by macrophages, lymphocytes, and fibroblasts ( Figs. 1-3 ). Pancreatic ducts were rarely recognized in affected areas, but when seen they were lined by a single layer of tall cuboidal to columnar epithelium. Other microscopic findings included small intestinal villus atrophy with goblet cell hyperplasia, splenic lymphoid hypoplasia and histiocytosis, eosinophilic pericholangitis, mild tubulointerstitial nephritis, and mild hyperkeratosis, acanthosis, and alopecia of the skin. Microscopic changes attributed to the infected catheter site included a pyogranulomatous cellulitis present at the catheter exit site, mild multifocal pyogranulomatous encephalitis, and multiple pulmonary venous thromboemboli. There were no other lesions seen in the sections examined.
Cultures from the catheter site and from heart blood both yielded coagulase-negative Staphylococci, suggesting bacterial sepsis due to infection of the catheter site.
Piglet No. 2 received 100°/o total parenteral nutrition solution for 22 days. No gross lesions were noted at necropsy. A sample of liver was saved for future analysis. Histologically, the pancreatic lesions in this piglet ( Fig. 4 ) closely resembled those in piglet No. 1 (Figs. 1-3 ). There was epithelial necrosis, acinar atrophy, and acinar disorganization with less severe acinar dilatation and interstitial fibrosis than in piglet No. 1. Of the few pancreatic ducts that were seen, most were lined by cuboidal epithelium, and approximately half of the ducts were surrounded by lymphocytes. No direct damage to the duct epithelium was observed. Islets were again difficult to see because oftissue remodelling within the pancreas, but when revealed by special staining (Grimelius stain), they were similar to those described for piglet No. 1. The small intestine had severe, diffuse villus atrophy. There were no other lesions and no evidence of catheter-related sepsis in this animal. Frozen or formalin-fixed liver samples from piglet Nos. 1 and 2 and from control piglets were analyzed by atomic absorption spectrophotometry for various trace elements. Hepatic zinc in piglet Nos. 1 and 2 was 513.5 and 491.2 ppm, respectively (40-90 ppm in control piglets). For comparison, hepatic zinc levels in several natural cases of zinc toxicity in other species were reported as 273 ppm (dog),13 463 ppm (sheep),I and 577 ppm (calves).l In addition, because copper deficiency has been associated with pancreatic acinar cell injury,3 the liver of piglet No. 2 was analyzed for copper, which was 8.06 ppm (normal = 5-25 ppm).
Retrospective examination of sections of pancreas from eight piglets from previous groups that had received 100% Vet Pathol 33:6, 1996 of their calories by TPN or TPN supplemented with glutamine (groups 2 and 3), revealed 8/8 animals with mild, diffuse pancreatic epithelial cell necrosis and occasional dilated acini with apparently normal pancreatic ducts and islets (not shown). In addition, all of these piglets had marked villus atrophy o f the small intestine. Tissue samples were not available to determine hepatic zinc levels in these eight individuals. Comparison with eight piglets from previous control groups (groups 1 and 4) receiving either 90% of their calories by TPN and 10% by oral supplementation or 100% oral nutrition revealed that none of the animals in the control groups had pancreatic lesions and they all lacked significant small intestinal villus atrophy (not shown).
Pancreatic lesions similar to those described here have not been previously reported in pigs with zinc toxicosis but have been observed in humans, ruminants, carnivores, laboratory animals, and various avian s p e~i e s .~.~,~J~J~ The piglets in this study had severe necrosis of acinar epithelial cells, which was accompanied by a mixed, primarily mononuclear inflammatory infiltrate. A mild tubulointerstitial nephritis was pres-ent in piglet No. 1 but not in piglet No. 2. Nephrosis has previously been reported to occur in association with zinc toxicity. 1.4. 5 Joint and bone lesions resembling osteochrondosis have been reported in swine with chronic zinc t~x i c i t y ,~ but pancreatic lesions have not previously been r e p~r t e d .~J '
No evidence of osteochondrosis was seen in any of the piglets in this study. The differences between these findings and those of previous reports may be due to the difference in the route of exposure to zinc, the age of the affected animals, the lack of competition with other trace elements in gastrointestinal absorption, and differences in the duration of exposure to toxic zinc levels. The reports of osteochondrosis were from swine with prolonged periods of excess oral zinc exposure, whereas the piglets reported here were parenterally exposed to toxic levels of zinc for < 1 month.
When trace elements are given intravenously (IV), many normally active homeostatic control mechanisms are bypassed. The majority of zinc absorption usually occurs in the small Tissue zinc levels are regulated at the level of gastrointestinal absorption, plasma transport, cellular zinc stores, and excretion. Oral zinc levels required to induce lesions of zinc toxicosis are quite variable in part because of the bioavailability of zinc complexes, trace element interactions (Ca, Cu, Cd, Fe), dietary fiber (phytate), age of the animal, duration and level of exposure, and concurrent dis-
The TPN solution administered intravenously in the two piglets reported here was formulated based on the 1988 National Research Council's recommended oral intake for piglets weighing between 1 and 5 kg9 It contained 50 ppm zinc (Northeast DHIA Testing Laboratory, Ithaca, NY). Another way of expressing the level of zinc administered, using 440 ml of TPN solution at 50 ppm daily pumped IV into a 3.33-kg piglet (on average), is 1 14 mg zinc/day IV or 34 mg zinc/kg BW/day IV. The TPN solution was reformulated to contain 12 ppm zinc; subsequently, hepatic zinc concentrations in TPN piglets have decreased from approximately 500 ppm to 150 pprn.
These findings indicate that zinc excretion through intestinal flux may be decreased in TPN patients because of villus atrophy and reduced epithelial cell desquamation. If this hypothesis is correct, these changes could have dramatically affected zinc homeostasis in the TPN piglets. Zinc is excreted into the feces via biliary and pancreatic secretions, intestinal serosal to mucosal flux, and intestinal epithelial cell desquamation.2 Studies in the pig have shown that surgical isolation of the gallbladder, pancreas, and a 40-cm segment of the intestinal secretory output caudal to the pancreatic duct did not significantly reduce fecal zinc excretion, which still represented 75-90% of total zinc excretion in these pigs. l o Therefore, in the pig, desquamation and serosal to mucosal flux, independent of biliary and pancreatic secretions, are probably of primary importance in zinc excretion. These findings support the notion that intestinal villus atrophy (such as that seen during prolonged TPN administration) may contribute to an increased susceptibility to zinc accumulation.
Factors such as copper defi~iency,~ vitamin E/selenium deficiency,'* protein deficiency, corticosteroids, viruses, ischemia, toxins, trauma, ductal obstruction, metabolic disorders, and hereditary factors can induce pancreatic acinar cell injury,' but by various criteria each of these conditions was ruled out as a cause of the pancreatic lesions reported here. Furthermore, the effect on zinc homeostasis that inflammatory mediators had in piglet No. 1 (in response to catheter sepsis) is not entirely clear. 2 The target cell for the toxic insult caused by high levels of zinc in piglets appears to be the pancreatic epithelial cell. The islet cells appear to be involved only secondarily. Direct evidence of duct epithelial necrosis was not unequivocally observed in the two piglets reported on here. The ducts were, however, reduced in number and if directly affected may have been difficult to distinguish from necrotic acini. The diffuse distribution of the lesions seen in these piglets is consistent with primarily an acinar epithelial cell target and is similar to what has been reported in ducklings with zinc toxicity.'j In contrast, lobular variation in lesion severity with periductular prominence of lesions and ductular hyperplasia has been associated with a duct epithelium target in zinc toxicity in sheep.l.l4 and to a lesser extent in ~att1e.l.~ Therefore, the role of ductal epithelium as a target for zinc toxicity in young swine will remain open until more piglets at earlier time points in toxicity are studied.
The pathogenesis of pancreatic lesions associated with zinc toxicity is not known, but some possibilities are zinc binding to low-affinity sites altering gene expression, interactions or competition between zinc and other elements (Cu, Se, Ca), the effect of zinc on membranes, and the ability of zinc to stimulate cholecystokinin relea~e.~,~,* In summary, zinc toxicity was associated with pancreatic acinar cell necrosis, fibrosis, and atrophy in piglets receiving total parenteral nutrition. Regardless of the species involved or the route of exposure, the pancreatic lesions of zinc toxicity have a number of common features and therefore may share underlying mechanisms of pathogenesis.
Abstract. Renal glomerular fibrosis was observed in a 1-year-old spayed female Japanese domestic cat that showed clinically advanced renal failure. In the glomeruli, increased homogeneous materials were stained strongly with aniline blue by Masson's trichrome and positive for anti-type I11 collagen antibody by immunohistochemical staining, causing mesangial sclerosis and capillary collapse. By electron microscopy, randomly arranged fibrils were observed in the expanded subendothelial and mesangial areas, and the fibrils showed periodicity characteristic of collagen fibers in longitudinal sections. These findings of glomerular lesions closely resemble those of human "collagenofibrotic glomerulonephropathy," which has recently been described as a new type of glomerulonephropathy . Key words: Cat; renal glomerular fibrosis; type I11 collagen.
Fibrillar materials are observed in the glomerular lesions of renal amyloidosis,* multiple myeloma, l 2 diabetic nephropa t h~,~ and light chain disease.' Renal glomerular fibrosis is characterized by massive accumulation of type I11 collagen fibrils in subendothelial space and mesangial areas and has been reported in humans, being called "collagenofibrotic glomerulonephropathy (CFGN).''2,9J3 Renal glomerular fibrosis similar to CFGN has also been reported in pigsi3.14 and dogs.' In this report we describe a feline case of CFGNlike renal glomerular fibrosis.
A I-year-old spayed female Japanese domestic cat was found to have severe proteinuria by urinalysis using uropapers and had abnormal blood biochemical findings indicating renal failure by colorimetric examinations using a test kit ( Table 1 ). The cat was euthanatized because of poor prognosis after treatments with diuretics and erythropoietin for 16 days. By serological examinations, the cat was positive for feline leukemia virus but negative for feline immunodeficiency virus and feline infectious peritonitis virus infections. At necropsy, the kidneys were swollen with a slight granular surface in the cortex. Other organs appeared to be normal.
The kidneys were fixed in 10% neutral buffered formalin, and paraffin sections (2-6 Hm) were stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS), Masson's trichrome, and alkaline Congo red. Additionally sections were applied to immunohistochemical staining to detect type I11 collagen by an avidin-biotin complex method (Vectastain ABC Kit, Vector Laboratory, Burlingame, CA, USA). Rabbit antibody against bovine type I11 collagen (LSL, Tokyo, Japan) and biotinylated goat antibody against rabbit IgG (Kirkegaard & Perry Laboratory, Inc., Gaithersburg, MD, USA) were used as primary and the secondary antibodies, respectively. The immunoreaction was visualized by 3,3-diaminobenzidine tetrahydrochloride (Sigma Chemical Company, St. Louis, MO, USA) and hydrogen peroxide solution. Collagen in the interstitium of adjacent renal parenchyma served as a positive control for type I11 collagen immunohistochemistry.
For electron microscopic examination, small pieces of the formalin-fixed renal cortex were refixed in 2% glutaraldehyde, postfixed in 1% osmium tetroxide, and embedded in epoxy resin (Epok 8 12, Oken Company, Tokyo, Japan). U1-
